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I.  INTPODUCTION 


The  purpose  of  this  project  is  to  conduct  the  necessary  research  for  the 
preparation  of  unsaturated  organic  compounds  containing  fluorine  and,  when 
synthetic  methods  liave  been  developed,  to  prepare  various  fluoro-olefina  wlilch  may 

give  elastomers  which  are  oU  and  fuel  resistant  and  vrbich  retain  their  elasticity  at 
low  temperatures. 

It  Is  estimated  that  93%  of  the  work  has  been  completed  to  date  and  that 
92%  of  the  estimated  costs  have  been  incurred  to  date. 

ihls  research  is  authorized  under  Contract  Number  DA-19-129-QM-500 
and  is  a  further  continuation  of  the  work  initiated  under  DA-44-109-QM-522  and 
continued  under  DA-44-109-QM-1469.  The  Wright  Air  Development  Center  has 
contributed  funds  for  the  operation  of  the  project  In  part  since  September  13,  1956, 
under  MPE  33(816)-5701. 

This  is  the  27th  quarterly  report  under  the  contract  but  the  44th  since 
the  project  was  initiated  In  1951.  The  period  covered  is  from  March  13,  1962, 
through  June  13,  1962. 

n.  SUMMAEY  OF  CURRENT  PROGRESS 

and  CFg^CF-CFjjNO  have  been  prepared  In  24.5%  and 
34%  yield  respectively  by  reacting  the  corresponding  polyfluoroaUyl  iodide  with  nitric 
oxide  in  the  presence  of  mercury. 
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Polyfluoroallyl  chlorides  and  iodides  react  with  nitrogen  dioxide  in  tlie 
presence  of  mercury  to  give  high  yields  of  the  corresponding  polyfluoroacrylio 
aidd  fluorides. 

in.  DISCUSSION 

The  previous  i*eport  from  this  laboratory^  has  described  the  reaction 
carried  out  in  a  1  liter  Vycor  Flask  when  CF  =CH-CF„I,  nitric  oxide,  and  mercury 
were  subjected  to  ultraviolet  Irradiation  for  4  hours. 

A  low  yield  of  CFgKJH-CFgNO  was  obtained  and  it  was  noted  that  tels  was 
probably  due  to  over-irradiation.  A  similar  reaction  was  therefore  carried  out  over 
a  25  minute  period  using  vdtravlolet  irradiation  from  a  Hannovia  SH  burner.  The 
main  products  were  CP2='CH-CF2  and  CF2=CH^OF  with  only  a  trace  of  CF2CH- 
CF„NOi  Unreacted  nitric  oxide  was  removed  in  this  case  and  in  all  sulvsetpient 

it 

reactions  by  Introduction  of  o^^en  with  which  it  forms  nitrogen  dioxide;  mercury 

O 

then  reacts  wite  the  latter  to  give  mercuric  nitrate  and  nitric  oxide.  It  appeared 
that  figaln  the  reaction  was  over-irradiated;  therefore,  all  subsequent  reactions 
were  carried  out  in  a  2  liter  pyrex  flask  using  sunlight  as  a  source  of  ultraviolet 
irradiation.  CF„=CH-CF  J  was  reacted  under  these  conditions  for  periods  of  ir- 
radiation  ranging  from  2  minutes  to  105  minutes.  The  maximum  yield  of  CF2=CH- 
CF„NO,  24.5%,  was  obtained  after  the  longest  period  of  irradiation. 

CF2‘°CF-CF2l  was  prepared  by  the  following  known  reaction  scheme: 

CF2=CrCl - CF2=CF-CF2C1® 

Ji. 

^ 

CF2BCF-CF2CI  +  Nal  - -  •  CF3=CF-CF2l 
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This  allyl  Iodide  was  subjected  to  the  same  reaction  conditions  as  the 
CF2=CH-CF2l  for  periods  of  irradiation  up  to  6  hours.  A  maximum  yield  of  34% 
of  CF2=CF-CF2N0  was  obtained.  This  latter  compound  was  stable  for  several  weeks 
at  -78  C. ,  but  at  room  temperature  it  decomposed  completely  after  3  days  to  give 
a  brown  oil  and  some  relatively  volatile  colorless  liquid.  CF2-CH-CF2NO  slowly 
decomposed  at  -?8°C  and  at  room  temperature  was  only  stable  for  a  few  hours. 

The  other  main  products  from  the  reactions  of  CF2=CH-CF2l  and 
CF2=CF-CF2i  with  nitric  oxide  and  mercury  were  the  corresponduig  fluoro-olefms 
and  acrylic  acid  fluorides  CF2=CX-CF3  and  CFg^CX-COF  (X=H,  F). 

The  yield  of  acrylic  acid  fluoride  increased  with  decreasing  length  of 
irradiation.  This  meant  that  some  reaction  other  than  fluoroallyliodide  with  nitric 
oxide  was  occurring.  The  introduction  of  oxygen  in  the  later  stages  of  reaction  con¬ 
verted  nitric  oxide  into  nitrogen  dioxide  and  it  was  after  this  point  that  the  acrylic 
acid  fluoride  was  formed.  Reaction  between  CF2=CF-CF2l  and  oxygen  resulted  in  a 
violent  explosion;  substitution  of  air  for  oxygen  gave  no  reaction.  CF2=CF-CF2l 
and  nitrogen  dioxide,  however,  gave  CF2=CFCOF  in  81%  yield.  It  was  found  necessary, 
in  this  reaction,  to  ha’/e  an  agitated  pool  of  mercury  in  iiie  flask,  otherwise;  only  a 
negligible  amount  of  acid  fluoride  was  obtained.  Thus  an  explanation  was  obtained 
for  the  formation  of  acrylic  acid  fluorides  in  all  reactions  carried  out  between 
either  CF2=CH-CF2l  or  CF2==CF-CF2l,  and  nitric  oxide;  in  all  cases  nitrogen  di¬ 
oxide  had  been  present  in  the  working  up  procedure.  As  an  extension  to  this  reaction 
CF2=CH-CF2C1  was  reacted  with  nitrogen  dioxide  giving  CF2=CH-COF  in  a  93%  yield. 
This  reaction  was  carried  out  in  the  presence  of  oxygen,  which  converts  any  NO 
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formed,  by  the  reaction  of  mercury  with  NOg,  back  into  NO2.  CFgCFjCFgl  did 
not  react  at  all  under  these  conditions. 

A  series  of  continuous  flow  reactions  between  Cp2=CF-CF2l  and  NO  were 
carried  out.  Passage  through  a  long  Vycor  tube  under  ultraviolet  irradiation, 
bubbling  through  mercury  also  under  ultraviolet  irradiation,  and  bubbling  through 
mercury  at  100°  all  gave  chiefly  unreacted  CF2=cr-CF2l.  A  trace  of  CF2=CF-CF2NO 
was  Indicated  by  analytical  V.  P.  C.  In  the  product  from  the  second  continuous  flow 
reaction. 


IV.  EXPERIMENTAL 

Reactions  between  Polyfluoroallvliodldes  and  Nitric  Oxide 
3-Iodo-l,  1, 3, 3-T0trafluoroprouene 

A  2  liter  pyrex  flask  containing  mercury  (70  mis.)  was  evacuated  and 
charged  witlx  3-iodo-l,l,3,3-teti-afluoropro?ene  (4.8  g. ,  0.02  mole),  nitric  oxide 
(1.2  g. ,  0.04  mole)  and  mechanically  shaken  In  bright  sunshine  for  105  minutes. 
The  flask  was  cooled  In  ice  water,  oxyge^a  (1.28  g. ,  0.04  mole)  was  introduced, 
and  the  flask  shaken  for  an  additional  30  minutes.  Volatile  material  was  isolated 
by  slowly  pumping  through  two  traps  cooled  in  liquid  nitrogen.  This  mixture  was 
separated  by  largo  scale  V.  P.  C.  using  dinonylphthalate  as  the  stationary  phase  at 
room  temperature,  nitrogen  flov/rate  200  mls./mln.  into:  2H-pentafluoropropen0 
<1.0  g. ,  38%  yield),  an  infrared  spectrum  was  identical  with  that  of  an  authentic 
sample;  3-nltroao-l,l,3,3-tetraauoropropene  (0.7  g. ,  24.5%  yield.  Found: 

M.  142  CgHT’^NO  requires  M.  143)  an  infrared  spectrum  showed  C=C  and  NO 
stretching  absorptions  at  5.71  (vs)  and  6.29  (m),  and  bands  at  7.30  (s),  7.9  (m) 
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and  8.1  (m),  8.9  (ms),  9,7  (w),  and  10.5  (ni)yjv ;  nuclear  magnetic  resonance 
data  was  In  concord  witli  tlie  formulation  CFg^CF-CFgNOj  and/J,y^-difluoro- 
acryloylfluoride  (0.7  g.,  32% yield),  b.p.  45.0”c.  (Found:  C,  32.55-,  F,  51.60; 
H,  0.81%.  Cgl-lFgO  requires  C,  32.73;  F,  51.82;  H,  0,91%,)  Molecular  welglil;, 
infrared  and  N.  M,  R,  data  on  this  compound  were  reported  in  the  previous 
report.  ^ 

Pevfiuoroallvliodide 

Perfluoroallyliodide  was  prepared  from  perfluoroallyl  chloride  as 
described  by  Miller  and  Falnberg.'^  Perfluoroallylchlorlde  was  prepared  by  the 
pyrolysis  of  chlorotrifluoroethylene  as  described  by  Miller,® 

Perfluoroallyliodide  (5.16  g.,  0.02  mole)  was  reacted  similarly  in 
bright  sunshine  for  6  hours.  Separation  of  the  products  gave:  Perfluoropropene 
(0.6  g. ,  20%  yield),  identified  by  its  infrared  spectrum;  3-nitrosopsrfluoro- 
propene  (1.1  g.,  34%  yield;  Found:  M,  161;  C,  22.66;  N,  8,60;  F,  58.68;  CgFgNO 
requires  M.  161;  C,  22.39;  N,  8,70;  F,  59.00%)  an  infrared  spectrum  showed  C=C 
and  NO  stretching  absorptions  at  5.61  (vs)  and  6.29  {s)y^  ,  and  bands  at  7.30  (vs), 
7.38  (vs),  8.40  (vs),  9,18  (vs),  10,5  (w),  11.1  (w),  and  13,9  (w);  and  perfluoro- 
aeryloyl-fluoride  (0.7  g.,  27.5  %  yield  Found:  M,  128;  C,  28.35;  F,  59,12. 

'^3^4^  requires  M.  128;  C,  23.13;  F,  59.37%)  an  infrared  spectrum  showed  C=C 
and  C=0  stretching  absorptions  at  5.40  (vs)  and  5.72  (-vs)  and  bands  at  7.3(s), 
7,55  (3),  8.41  (s),  (9,50  (ms),  9,75  (s)  and  9.80  (s)^  (doublet);  nuclear  magnetic 
resonance  data  confirmed  the  formulation  CF2=CF-COF  for  this  compound. 

Varying  conditions  for  these  reactiors  are  summarized  in  Table  I. 
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Cdntlnuoua  Flow  Reactione  between  PerfluoroollyUodlde  and  Nitric  Oxida 

Oxygon  free  nitrogen  was  obtained  by  passlrig  cylinder  nitrogen  over  hot 
copper  wire.  Nitric  oxide  was  partially  purified  by  bubbling  through  mercury*  The 
perfluoroallyl  iodide  (5. 16^.,  o.  02  mole)  was  passed  through  the  reaction  zone  by 
being  entrained  in  a  stream  of  nitrogen  (flowrate  30  mis. /minute)  i  This  stream  of 
nitrogen  plus  perfluoroallyl  iodide  ajid  the  stream  of  nitric  oxide  (flowrate 
15  mis. /minute)  were  mixed  before  passing  through  the  reaction  zone. 

Reaction  1 

The  reactants  were  passed  through  a  Vycor  tube  (92  cms.  long,  7  mm. 
diameter)  which  was  under  ultraviolet  irradiation  from  3  Hannovla  SH  burners. 
Volatile  material  other  than  nitric  oxide  was  collected  in  2  cold  traps  (-78°)  and 
was  shown  by  analytical  V,  p.  c.  to  contain  only  unreacted  perfluoroallyl  iodide; 
an  infrared  spectrum  confirmed  this. 

Reaction  2 

The  reactants  were  bubbled  through  mercury  (30  mis.)  contained  in  a 
pyrex  trap  which  was  irradiated  with  two  ultraviolet  lamps.  The  material  collected 
in  the  two  cold  traps  was  introduced  onto  a  large  scale  V.  P.  C.  column  (D.  N.  P. 

25°)  and  shown  to  contain  traces  of  hexafluoropropene,  3-nltrosoperfluoro-propene, 

perfluoroacrylpyl  fluoride  all  of  which  were  Identified  by  retention  times.  Unreacted 
perfluoroallyl  iodide  (4.9  g.)  was  recovered. 

Reaction  3 

Reaction  2  was  repeated  except  that  the  mercuiy  instead  of  being  Irradi¬ 
ated  was  heated  to  100°.  Analytical  V.  P.  c.  and  Lnfrared  analysis  showed  that  no 
reaction  had  occurred. 


7 


Reaction  4 


The  Vycor  tube  used  in  reaction  1  was  bent  Into  a  triple  -  u  shape  wdth 
about  2  mis.  of  mercury  at  the  bottom  of  each  "u". 

The  reaction  mixture  was  passed  through  this  tube  which  was  irradiated 
by  tliree  ultraviolet  lamps.  Meicut-y  Iodide  and  oxide  qui coaterl  the  sxmfaoe  of 
the  tube  thus  stopping  ultraviolet  tronsmisslon  and  therefore  reaction.  An  analytical 
V.  P.  C.  (dibutyl  sebacatc  25°  and  60°)  investigation  on  the  product  indicated  that  It 
consisted  of  almost  completely  unreacted  periluoroallyl  iodide  together  with  a  trace 
of  3-nitrosoperfluoropropene. 

Reaction  betiveen  Perfluoroallyllodide  and  Oxygen 

Perfluoroallyliodide  (5.1  g.,  0.02  mole),  oxygen  (1.89  g.,  0.069  mole) 
and  mercury  (70  mis.)  were  introduced  into  a  2  liter  pyrex  flask  and  shaken  in  the 
dark.  A  violent  explosion  occurred  after  15  minutes. 

The  same  result  was  observed  in  a  similar  reaction  when  aliquots 
(50  mm.)  of  o^qrgen  were  introduced  at  5  minute  intervals.  The  explosion  occurred 
after  12  minutes. 

In  a  final  reaction  aliquots  (100  mm.)  of  dry  air  were  introduced  into 
the  flask,  one  initially  and  one  after  10  minutes  shaking.  Shaking  was  continued  for 
90  minutes  when  volatile  material  (4.7  g.)  was  removed  under  vacuum  and  Identified, 
by  its  infrared  spectnim,  as  recovered  perfluoroallyliodide. 

Reaction  between  OrKanic  Fluorohalides  and  Nitrogen  Dioxide 
Perfluoroallyliodide 

A  2  liter  pyrex  flask  containing  mercury  (70  mis.)  was  charged  under 
vacuiun  with  perfluoroallyliodide  (5. 16  g. ,  0.02  mole)  nitrogen  dioxide  (1..39  g. , 
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0.03  mole),  and  shalcon  in  tlie  dark  for  1  hour  %vhen  all  brow  vapor  had  disappoared, 
VolatilG  material  was  removed  under  vaouum  and  was  observed  to  contain  some 
nitric  oxide  which  boiled  away  when  the  product  mixture  was  warmed  to  -78°C. 

Large  scale  V.  P.  C.  separation  (dlnonylphthalate,  23°C.)  gave  periluoropropene 
(0,25  g,,  11%  yield),  3-nitro3operfluorapropene  (0.15  g.,  6%  yield),  perfluoro- 
acrylcyl  fluoride  (1.55  g. ,  61%  yield)  and  recovered  perfluoroallyliodlde  (1.0  g. , 

75%  conversion) ,  All  compounds  were  identified  by  identical  infrared  spectra  with 
iliose  of  authentic  samples. 

A  similar  reaction  was  carried  out  without  shaking  the  flask.  Ojily 
unreacted  perPuoroallyliodide  (4.8  g.)  was  recovered. 

3-Chloro-l.  1. 3, 3-totrafluoropropene 

3-Chloro-l,l,3,3“tetrafluoropropene  (2.98  g,,  0.02  mole),  nitrogen 
dioxide  (1.38  g,,  0.03  mole)  and  ojqrgen  (0.96  g. ,  0.03  mole)  were  reacted  similarly 
with  mercuiy  (70  mis.).  Recovered  3*-chloro-l,l,3,3-tetrafluoropropene  (0.3  g. , 

90%  conversion)  and  p  ,p  -dlfluoruac^yloylfluorlde  (1,85  g, ,  93%  yield)  were  (Stained 
together  with  traces  of  2H-pentafluoropropene  and  3-nitroso-l,:L,3,3-tetrafluoro- 
propene.  The  two  main  products  were  identified  by  tbeir  infrared  spectra  and  the 
last  two  by  their  retention  times  on  analytical  V.  P.  C. 

Heptafluoro-l-lodopropane 

Heptafluoro-l-lodopropane  (5,9  g. ,  0.02  mole),  nitrogen  dioxide  (1.38  g. , 
0.03  mole)  oxygen  (0.96  g. ,  0.03  mole)  and  mercury  (55  mis.)  were  shaken  for 
1  hour  in  a  2  liter  flask.  Recovered  heptafluoro-l-iodopropane  (5. 5  g.) ,  identified 
by  its  Infrared  spectrum,  was  the  only  volatile  material  obtained. 
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V.  FUTURE  WORK 


A  determination  of  the  half-lives  at  room  temperature  of  CF2=CriCF2NO 
iind  CFg^CF-CFgNO  will  be  carried  out,  and  the  identity  of  some  of  the  decomposi¬ 
tion  products  established. 

The  synthesis  of  other  fluorine-containing  nitroso  compounds  by  the 
following  methods  will  be  attempted: 

CF2=CX-CF2N0  +  HBr - >-CF2Br-CHX-CF2NO 

CF2=CX-CF2N0  +  Br^’ - CFgBr-CXBr-CFgNO 

CF2=CX-CF2l  +  HBr  - CF2Br-CHX-Cr2l 

CFgBr-CHK-UFgl  +  NO  - y .  CFgBr-CHX-CFgNO 

CF2=CX-CF2l  +  Brg - CF2Br-CBrX-CF2l 

CFgBr-CBrX-CFgl  — ^  CFgEr-CBrX-CFgNO  (X=H,  F) 
The  addition  of  nitrosyl  chloride  to  a  variety  of  fluoro-olefins  will  also 
be  carried  out. 

VI.  FUTURE  WORK 

Paul  Tarrant  and  John  Savory,  Quarterly  Report  43. 

E.  Divers  and  T.  Shimidzu,  J,  C,  S.,  630,  (1885). 

3*  V/.  T.  Miller,  U.  S.  P.  2733277  (1956). 

4.  W.  T.  Miller  and  A.  H.  Fainber^  J  jV.C.S^  79,  4164  (1957). 
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prepared  in  24. and  34^  yield  respec¬ 
tively  by  reacting  the  corresponding 
polyfluoroallyl  iodide  with  nitric  oxide 
in  the  presence  of  mercury. 

Polyfluoroallyl  chlorides  and  iodi.des 
react  with  nitrogen  dioxide  in  the  pre¬ 
sence  of  mercury  to  give  high  yields  of 
the  corresponding  polyfluoroacrylio  acid 
fluorides. 

UNCLASSIFIED 

1,  Organic  Fluorine  Chemistiy 

2,  Elastomers 

I.  Tarrant,  Paul 

II.  UNSATURATED  FLUOROCARBONS 

III.  University  of  Florida 

UNCLASSIFIED 

1,  Organic  Fluorine  Chemistry 

2,  Elastomers 

I.  Tarrant,  Paul 
n.  UNSATURATED  FLUOROCARBONS 

III.  University  of  Floilda 

